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Surgery Center, Istanbul, TurkeyObjectives. Endarterectomy of a stenotic internal carotid artery in the presence of contralateral carotid occlusion (CCO) is
often assessed as a high-risk procedure. We have assessed the requirement for shunting in patients with CCO operated under
local anaesthetic.
Materials andmethods. Between 1998 and 2003, 429 patients (319 males and 110 females, mean age 65.7G6.2, range 48–
84) underwent 500 carotid endarterectomies under local anaesthetic with awake neurological testing. Fifty-five patients
(12.8%) had CCO. Preoperative risk factors, intra- and postoperative events were noted and analyzed. Short-term and mid-
term follow-up (mean 16.4G5.8 months, range 3–38 months) was also recorded.
Results. The rate of shunting in patients with or without CCO (10.9% vs. 9.1%) was not significantly different. Stroke
rates for CCO and non-CCO groups were 3.6 and 0.5%, respectively. Only the presence of preoperative cerebral infarction
increased the risk of stroke. Patients that needed shunting were found to have significantly higher overall rate of adverse
events, mortality and stroke.
Conclusions. Routine use of intravascular shunting for a stenotic carotid artery with contralateral occlusion may not be
necessary. The choice of using a shunt is safe when made intraoperatively by assessing the neurological status of the patient
continuously. This requires expertise and strong cooperation between the anaesthesiologist and the surgical teams.Keywords: Carotid endarterectomy; Contralateral carotid occlusion; Intraluminal shunts; Stroke.Introduction
Stroke is the third leading cause of death in the United
States as well as the second leading cause of cardiovas-
cular death. It is also the most common cause of death
due to neurological disorders.1 Contralateral carotid
artery occlusion (CCO) is often considered to be a
predictor of poor outcome after CEA of ipsilateral
carotid stenosis.2 Data from both the North American
Symptomatic Carotid Endarterectomy Trial and the
Asymptomatic Carotid Atherosclerosis Study supports
this conclusion.2–4 Stroke rates of around 10% have been
reported following carotid surgery in patients with
CCO.5 Several centers advocate routine use of internal
shunts for such cases, especially with general anaes-
thesia and thus, the beneficial effects of vasodilation withing author. Dr Onur S. Goksel, 4. Gazeteciler Sitesi, C3
event, Istanbul 80620, Turkey.
: onurgoksel@hotmail.com (O.S. Goksel).
0494 + 06 $35.00/0 q 2004 Elsevier Ltd. All rights reserinhalational anaesthetics are not present. Routine
shunting in those patients may appear a better choice,
but it also has drawbacks as it makes visualization of the
distal end point more difficult, a critical issue in
providing a ‘complete’ endarterectomy. It carries risks
of severe trauma to proximal and distal intima at the
insertion sites and air/atherothrombotic embolization.
Additionally, the shunt may increase the technical
difficulty of the operation. Given this background and
our personal experience, comparative analyses of the
need for intravascular shunting and in-hospital mor-
tality/morbidity were made between patients with and
without CCO to determine the actual need for routine
shunting.Materials and methods
Between 1998 and 2003, 429 patients (319 males andEur J Vasc Endovasc Surg 28, 494–499 (2004)
doi:10.1016/j.ejvs.2004.07.010, available online at http://www.sciencedirect.com onved.
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underwent 500 carotid endarterectomies were retro-
spectively analyzed. Patients with scheduled cardiac
operation at the time of entry into database, con-
comitant surgery or reoperations were excluded from
the review. In patients with bilateral stenosis, priority
to operate one side first was given on the basis of
severity and/or the side of symptoms. All data were
prospectively introduced into a carotid surgery data-
base including age, gender, preoperative risk factors
(history of smoking, diabetes mellitus, hypertension,
dyslipidemia), preoperative neurological history and
indications for surgery, comorbidities (coronary artery
disease, lower extremity occlusive vascular disease,
subclavian artery stenosis, abdominal aortic aneurysm
and renovascular pathology). All patients were taking
oral antiplatelet medication and underwent color-
Doppler ultrasound of both carotid arteries. Patients
with a history of stroke or bilateral disease underwent
MR angiography or digital angiography to assess
circle of Willis anatomy. Perioperative hemodynamic
and neurological status as well as data collected as
outpatient were recorded.Anaesthetic and surgical technique
Premedication with 0.5 mg/kg of diazepam was
given, all patients received standard superficial and
deep cervical blockade with buvipacaine with
additional 2% lidocaine locally into surgical field
when necessary. Extra sedative agents were not
needed except for intravenous fentanyl bolus injec-
tions in analgesic doses. All patients were intensively
monitored for their neurological status throughout the
operation by talking and applying neurological exam-
inations. Positivity of cross-clamp test (any sign of
neurological deficit, worsening state of cooperative
skills/consciousness within 3 min of CCA and ICA
clamping) was considered an adequate indication for
shunting. Anaesthesiologists were encouraged to
provoke temporary hypertension all through the
procedure until the closure of arteriotomy with
volume replacement and/or dopamine or dobutamine
infusion when appropriate. With the patient awake,
surgical teams proceeded with the standard CEA
procedures once the surgeon was sure that the patient
did not feel any pain or discomfort due to manipula-
tions without the use of internal shunts. In cases with
contralateral stenosis or occlusion and in those with a
history of stroke, internal carotid artery and proximal
common carotid artery were prepared surgically with
tourniquets before arteriotomy for any possible need
for an internal shunt.Postoperative management and patient follow-up
All patients were taken to postoperative intensive care
unit to stay until he/she was hemodynamically stable.
If there were no complications, patients were dis-
charged to ward 4 h after their operation. In the
intensive care unit, patients were allowed to have mild
hypertension (not more than 150 mmHg systolic
pressures). Any signs of postoperative neurological
deficit were also analyzed by a clinical neurologist and
a plain cranial CAT scan was taken if indicated. Such a
CAT scan in early postoperative period was aimed to
look for early focal hypodensity and/or initial mass
effect defined as mild to severe compression of
ventricles.
Nonlateralizing deficits, cranial nerve involvement
or dysarthria and lacunar states were accepted as
minor neurological sequelae with favourable prog-
nosis if Rankin score for the patient was 2 or less.
Motor hemiparesia/hemiplegia states, sensorimotor
stroke states and hemispheric syndromes with Rankin
score 3 or higher were all included in the definition of
stroke with worse prognosis. These patients were
evaluated and followed using National Institutes of
Health Stroke Scale (NIHSS) and Rankin Scale by the
same neurologist. Neurological states mentioned
throughout the text were defined in accordance with
the above-mentioned criteria. Patients were dis-
charged from the hospital on postoperative day 2 in
the absence of any complications. During their stay in
the ward, anti-platelet and antihypertensive medi-
cations were continued. They were examined in the
outpatient clinic on 7th, 30th days and at 3rd and 6th
months (mean 16.4G5.8 months, range 3–38 months).
Neurological and hemodynamic status, compliance
with the medications, any history of a neurological
event as well as color Doppler results at 3rd and 6th
months were noted. Any signs of a neurological deficit
required reassessment by the same neurologist men-
tioned above.Statistical analysis
Statistical analysis was performed using SPSS 10.0
(Statistical Package for the Social Sciences, SPSS Inc.,
Chicago, IL), MATLAB 6.0.88 Release 12 (MATrix
LABoratory, The MathWorks, Inc., Boston, MA), NCSS
(Number Crunching Statistical Software) and PASS
2000 (Power Analysis and Sample Size, Kaysville,
Utah—released June 19, 2002). Data are expressed as
meansGstandard deviation. A p value of less than 0.05
was considered as statistically significant. ‘Pearson
Chi-Square test’, ‘Fischer’s Exact test’, ‘LikelihoodEur J Vasc Endovasc Surg Vol 28, November 2004
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used for testing. Positivity of carotid occlusion test was
compared between patients with and without con-
tralateral carotid artery occlusion using Pearson Chi-
Square test. Binary Logistic Regression Analysis was
used to indicate the significance of possible risk factors
in patients that required intraluminal shunting. Fish-
er’s Exact Test was used to compare patients with or
without CCO for postoperative stroke, mortality and
minor sequelae.Results
The indications for carotid surgery were transient
ischemic attack (266 patients; 62%), stroke (61 patients;
14.2%), asymptomatic severe (more than 70%) stenosis
(90 patients; 21%) or vertebrobasilar symptoms with
more than 70% of carotid artery stenosis (12 patients;
2.8%). Fifty five of the patients had CCO (12.8%) and
36 patients (8.3%) had bilateral severe stenosis of the
carotid arteries. Fig. 1 illustrates the distribution of
shunting among the patients with and without CCO.
Four hundred and twenty-nine patients with and
without contralateral carotid occlusion undergoing
CEA (a total of 500 operations) were compared with
Pearson Chi-Square test for positivity of carotid
occlusion test and no statistically significant difference
was observed (pZ0.399). Thirty-four of 374 patients
(9.1%) without CCO required shunting; whereas, only
six of 55 patients (10.9%) with CCO needed endolum-
inal shunting. It is also important to mention that two
cases with postoperative stroke in the non-CCO group
correspond to the two patients that expired whereas
the other two patients that developed postoperative
stroke survived. This finding resulted in exclusion of
CCO presence from regression analysis as a possible
risk factor for mortality. It is noteworthy that all four
patients described above needed shunting. No other
cases of stroke were noted in cases that did not require
intraluminal shunting in either groups. One of the twoFig. 1. Use of intraluminal carotid shunting in patients with
or without contralateral carotid occlusion (pZ0.399). Note
that the numbers are expressed as percentages (%).
Eur J Vasc Endovasc Surg Vol 28, November 2004cases of stroke in CCO group developed reduced level
of consciousness upon cross-clamping. However,
neurological status recovered and operation was
proceeded without any further problems immediately
after insertion of the shunt. Unfortunately, carotid
arteries had to be re-clamped as the suture strings
broke off at the stage of knotting. And a severe
intraoperative contralateral hemiplegia and post-
operative progressive loss of consciousness ensued
with eventual intubation. First day cranial CAT scan
revealed a diffuse ipsilateral infarction zone in the area
supplied by middle cerebral artery. This patient
recovered consciousness after his transfer to neurol-
ogy intensive care unit, but remained hemiplegic. A
second patient in this group developed contralateral
hemiparesia with aphasia upon clamping and there-
fore shunting was used. Neurologic status promptly
recovered upon insertion of the shunt. However,
during transport of the patient from the operation
room, he developed a sudden blurring of vision with
ipsilateral hemiparesia with progressive loss of
cooperation. He was taken onto the operation table
for re-exploration. It was found that distal pulsation of
ICA was lost and a rearteriotomy was undertaken. An
atherosclerotic plaque was found to be displaced, to
occlude ICA. It is noteworthy that this was not a
thrombotic occlusion and that the heparin was not
reversed; so it was accepted as a shunt-related
complication at the distal insertion site of the shunt.
Upon extraction of the plaque, patient’s level of
consciousness and vision recovered immediately.
Unfortunately, his hemiplegia persisted and his first
day cranial CAT scan revealed a focal infarction area in
ipsilateral temporal lobe. Within days, his hemiplegia
recovered to upper extremity monoparesia and the
patient was discharged on day 5. It may be noted that
patch-closure techniques were used in the above-
mentioned patients. The other two patients that
developed stroke perioperatively were also those
who died. They both developed severe contralateral
hemiplegia and loss of consciousness upon cross-
clamping. They, unfortunately, did not recover with
shunt insertion and had to be intubated intraopera-
tively. They did not show any signs of neurological
recovery in the intensive care unit. First day CAT scans
showed diffuse ischemic infarction areas in MCA
zones with moderate to severe ventricular shifts across
midline in both patients. Hemodynamic compromise
contributed to their worsening status with eventual
multiorgan failure and death on days 7 and 10,
respectively. Rates of minor postoperative neurologi-
cal sequelae of CCO and non-CCO groups were almost
similar (1.8% vs. 1%). In these five patients with minor
neurological deficit within one month of surgery, one
Fig. 2. Distribution of postoperative events (overall, mor-
tality, stroke, minor neurological events) after operations
with or without endoluminal shunt insertion (20% vs. 0.65%,
10% vs. 0%, 5% vs. 0% and 5% vs. 0.65%, respectively).
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belonged to non-CCO group with shunting and the
remaining patients were in the non-CCO group with-
out the use of shunting. All patients were investigated
for well-accepted risk factors such as preoperative
cerebral infarction, diabetes mellitus, peripheral vas-
cular disease, coronary artery disease, dyslipemia,
hypertension and smoking as well as the use of
endoluminal shunts. Impact of presence of these risk
factors on development of stroke, minor neurological
events and mortality was investigated using ‘Binary
Logistic Regression Analysis’. The use of shunting was
excluded as a risk factor from the logistic regression
analysis for mortality and stroke since all patients with
these end-points necessitated shunting and thus
resulted in unreliable statistical findings. Only pre-
sence of preoperative cerebral infarction was observed
to have significant difference for development of a
postoperative stroke (Table 1). None of the risk factors
were observed to have significance for mortality and
minor neurologic sequelae (Tables 2 and 3).
Shunt insertion, when investigated alone was found
to be significantly associated with adverse outcome
(mortality risk ratioZ13.105 95% CI lowerZ9.655
upperZ17.789, stroke; risk ratioZ13.778 95% CI low-
erZ10.059 upperZ18.871 and minor neurological
events; risk ratioZ5.211 95% CI lowerZ1.707
upperZ15.908). It must be emphasized that shunting
was not included in the regression analysis as
explained elsewhere. Fischer’s Exact Test was used
in order to compare operations with and without
shunt insertion (40 vs. 460 operations) for mortality,
minor neurological sequelae and stroke (Fig. 2).
Patients that needed shunting were found to have
significantly higher overall rate of adverse events (20%
vs. 0.65%, p!0.001, Exact Sig. 2-sided). Additionally,
we observed significantly higher rate of mortality and
stroke in operations that necessitated shunting (mor-
tality; 5% vs. 0% pZ0.006 Exact Sig. 2-sided, stroke;
10% vs. 0% p!0.001, Exact Sig. 2-sided) whereas,
comparison of 5% vs. 65% rates for minor neurologicalTable 1. Logistic regression analysis for development of stroke
P OR
Cerebral INF 0.033 4.860
CAD 0.254 2.257
POAD 0.200 2.213
DM 0.359 1.784
Dyslipemia 0.369 1.932
HT 0.652 1.408
Smoking 0.298 2.089
CCO 0.059 3.612
Note that among the variables preoperative cerebral infarction, corona
hypertension, smoking, contralateral carotid artery occlusion, only predeficits were found as near significance (pZ0.054
Exact Sig. 2-sided).
Non-CCO group had low vertebrobasilar flow (!
200 ml/s) in 7% of the patients without any findings of
subclavian stenosis, whereas CCO group had low flow
in five (9%) cases, all of whom had proximal
contralateral subclavian stenosis (pZ0.567 Pearson
Chi-square Asymp. Sig. 2-sided). Two of these patients
had successful stent-angioplasty and the remaining
three had caroticosubclavian interposition procedure
for subclavian stenosis prior to carotid endarterect-
omy. Both cases with postoperative stroke in non-CCO
group were noted to have had adequate vertebroba-
silar flow by Doppler-ultrasound.Discussion
In spite of the extensive amount of studies in the
medical literature regarding carotid endarterectomy,
reports on endarterectomy to a carotid artery contral-
ateral to an occluded carotid artery are less prominent.
There are rather limited data regarding the use of
internal shunts and whether or not they are really
indicated in routine fashion to avoid its complications.
As one of the most extensive series, Rockman et al.
compared data on cases with contralateral occlusion to95.0% CI for OR
Lower Upper
1.132 20.876
0.557 9.145
0.657 7.457
0.518 6.145
0.459 8.130
0.318 6.242
0.523 8.349
0.951 13.721
ry artery disease, peripheral occlusive arterial disease, dyslipemia,
operative cerebral infarction is significant (P!0.05).
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Table 2. Logistic regression analysis for mortality (P value less than 0.05 is significant)
P OR 95.0% CI for OR
Lower Upper
Cerebral INF 0.068 5.471 0.885 33.833
CAD 0.198 3.451 0.523 22.780
POAD 0.285 2.916 0.410 20.751
DM 0.868 1.194 0.147 9.733
Dyslipemia 0.262 3.521 0.391 31.716
HT 0.646 1.600 0.216 11.869
Smoking 0.186 3.180 0.566 17.869
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(14% of all patients had CCO) and reported no
difference in postoperative neurological outcome for
symptomatic or asymptomatic patients.2 In contrast
Gasecki et al. reviewed 659 patients and found
contralateral carotid occlusion to predict an increased
perioperative risk of stroke and death.3 da Silva et al.
studied 700 patients undergoing CEA (108 patients
had CCO, 15.4%) and found an insignificantly higher
risk in those with CCO (stroke 3.7% vs. 1.9% and death
0.9% vs. 1.2%).5 However, they used internal shunts in
a significantly higher proportion of patients with
contralateral occlusion (83.3% vs. 64.6%),5 whereas
we used shunts in only 10.9% of patients with CCO
when compared to 9.1% of patients in non-CCO group.
Comparable rates of stroke and death in spite of a
higher rate of shunting by da Silva et al. and others6
support a policy of selective shunting. Coyle et al.
reported on 116 patients with CCO in comparison to
956 patients without. They used local anaesthesia in
48% of the patients and internal shunts in all but one
patient of these 116 cases. As in our series, one-month
rate of mortality and stroke did not differ statistically
in the two groups.7 They suggested that CEA in this
group of patients is safe, but the use of shunts in
patients without contralateral occlusion and its effects
on mortality/morbidity rates were not mentioned.
Limited use of local anaesthesia in their report makes
the data they presented more difficult to compare with
our findings. Ott et al. report on 22 (9% of 309) patients
with CCO operated on without the use of internal
shunts in all cases.8 They reported that neither clampTable 3. Logistic regression analysis for development of minor neuro
P OR
Cerebral INF 0.257 2.168
CAD 0.481 1.565
POAD 0.426 1.475
DM 0.776 1.167
Dyslipemia 0.109 2.321
HT 0.246 1.873
Smoking 0.183 1.984
CCO 0.413 1.676
Eur J Vasc Endovasc Surg Vol 28, November 2004time nor the presence of CCO correlated with the
occurrence of postoperative stroke. Interestingly, none
of the four (1.29%) cases of postoperative stroke they
reported belonged to CCO group. These results are
comparable to combined mortality and stroke rate of
4.3% in patients with CCO that Coyle et al. presented.
Our finding of 0.9% overall rate of postoperative
stroke is consistent with Dr Ott and co-workers’
report, but among the four cases of stroke in our
series, two belonged to CCO group, both necessitating
shunt utilization. On the other hand, the remaining
two cases of stroke in non-CCO group also required
shunt insertion. Overall the role of CCO in determin-
ing perioperative stroke risk remains controversial.9–11
As stated before, patients with bilateral disease and
those with a history of stroke had radiologic investi-
gation of intracranial circulation. This information was
used for appropriate preparation of the arteries for
possible shunting. Nevertheless, it is not thought that
this information is influential on the outcome of this
study. Liberal use of shunting based on the cross-
clamp test results without any prejudgements regard-
ing the radiologic findings was applied throughout the
study.
Some authors commented that routine shunting
may be cost-saving by reducing the cost of devices for
backflow pressure determination and the trained
personnel.6 We do not support this idea considering
the possible drawbacks of shunting mentioned above
and we believe that the cross-clamp test with local
anaesthesia is a rather safe, efficient method with no
costs at all. Benefits of avoidance from generallogical sequelae (P value less than 0.05 is significant)
95.0% CI for OR
Lower Upper
0.569 8.262
0.451 5.429
0.567 3.832
0.414 3.287
0.829 6.502
0.649 5.408
0.723 5.443
0.487 5.770
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gains especially in patients with comorbidities.
Some authors advocated that it is of critical
importance to understand the pathophysiology of
postoperative stroke in carotid artery surgery. Some
of these cases of stroke are shunt-related and avoid-
able. In this regard, Hingorani et al. reported a 1% early
postoperative stroke rate (five patients) in 444 patients.
Importantly, only two of these five patients had
embolic stroke; one of these five strokes were thought
to be due to intraluminal shunt trauma.12 It must be
noted that at least one of the four perioperative cases
of stroke in our study seems to be shunt-related, which
supports the findings of Hingorani and colleagues.
Authors are aware that the study may pose some
limitations. Inclusion of mid- and long-term results
would have made the study more comprehensive.
Thus, importance of the surgical and anaesthetic
technique used for these particular groups of patients
would have been shown by the impact on mid- and
long-term survival. Such a study would have necessi-
tated a detailed compilation of neurological data of the
patients. The authors preferred to limit the results to
hospital mortality and morbidity and to report the
above-mentioned results in a separate study. Secondly,
the authors believe that the impact of preoperative left
ventricular function on postoperative neurological
status remains to be discussed. Unfortunately, this
sort of data were not available for all patients. All
patients with low vertebrobasilar flow in the CCO
group had either percutaneous or surgical relief from
contralateral subclavian stenosis prior to carotid
endarterectomy. Thus, these patients were also
accepted as virtually having adequate posterior flow
at the time of carotid surgery. This may be a protective
measure for the above-mentioned patients in CCO
group. Additionally, it is noteworthy that both cases of
stroke in non-CCO group had adequate posterior flow
as noted elsewhere. For this reason, no comparison of
the two groups was needed for stroke rates regarding
the vertebrobasilar flow.
Routine use of intravascular shunting for ipsilateral
stenotic carotid artery with contralateral carotid
occlusion is not necessary in the light of facts that
morbidity/mortality or the need for shunting is not
different in patients with contralateral occlusion than
those without occlusion. The choice to use a shunt issafe when made intraoperatively by assessing the
neurological status of the patient continuously. This
requires expertise and strong cooperation between the
anaesthesiologist and surgical teams.References
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